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Background

Numerous experimental studies have shown that exercise can serve as an intervention with beneficial effects on children and adolescents with autism. However, a systematic review on the specific areas affected has not been conducted.





Methods

Preliminary research sources were obtained by searching four databases, and two researchers independently screened the literature that met the study criteria. The study was conducted under the guidelines of the Cochrane Handbook for Systematic Reviews of Interventions.





Results

37 studies were included in the final analysis, of which 9 studies were quantitatively synthesized and 28 studies were qualitatively analyzed. Exercise interventions have positive effects on motor performance, cognitive function, individual and social relationships, behavioral problems, physical health, and brain function in children and adolescents with autism. The results of the meta-analysis indicate that exercise can effectively improve social skills [SMD=-0.53, 95%CI (-0.76, -0.3), P=0.000].





Conclusions

Long-term, regular, chronic exercise is beneficial for children and adolescents with autism, particularly in the area of social skills.





Systematic review registration

https://www.crd.york.ac.uk/prospero PROSPERO, identifier CRD42024554530.





Keywords: exercise, autism, positive effect, social skills, long-term approach




1 Introduction

Autism Spectrum Disorder (ASD) is an extremely complex and highly prevalent neurodevelopmental disorder (1). Children with autism exhibit delays in communication and social skills, and demonstrate repetitive behavior patterns (2). Currently, ASD affects approximately 1% of the global population (3). Moreover, individuals with ASD face additional medical and psychiatric risks (4), such as sleep disorders (5) and executive function deficits (6).

To date, no medication can cure ASD. Conventional treatment methods, including education, psychological support therapy, and medication (7), aim to stimulate cognitive and language development while attempting to mitigate maladaptive behaviors such as stereotypy (8). These treatments also address secondary symptoms like hyperactivity, emotional instability, and aggression. Research has shown that standard treatments can have positive effects on the core issues of ASD (9). Cognitive Behavioral Therapy (CBT) can alleviate anxiety in children with ASD (10). Selective Serotonin Reuptake Inhibitors (SSRIs), commonly used to treat mood and irritability issues in ASD patients, promote neurogenesis and neuroprotection, offering potential benefits (11). However, some atypical antipsychotics have side effects, including fatigue, gastrointestinal symptoms, and more severe issues like dyslipidemia and hyperglycemia (12). Exercise, as a non-pharmacological adjunct therapy, has gained increasing attention due to its low cost and ease of implementation.

It is well known that exercise is feasible and effective in improving or assisting in the treatment of many diseases. Studies have indicated that exercise benefits social interaction deficits (13) and can reduce stereotyped behaviors in children and adolescents with autism (14, 15). Additionally, research has shown that exercise positively impacts the cognitive function of typically developing children and adolescents and reduces the potential risk of cognitive decline (16). Meanwhile, a recent meta-analysis demonstrated that exercise interventions positively affect executive functions in children and adolescents with ASD (1). Furthermore, there is evidence that social skills in ASD are related to motor skill deficits (17, 18). However, it remains inconclusive whether exercise interventions can effectively improve communication skills.

Although previous studies have systematically reviewed the effects of exercise on ASD, there has been no systematic summary specific to the population of children and adolescents. Therefore, the primary aim of this study is to systematically review the benefits of exercise for children and adolescents with ASD and to conduct a meta-analysis on the impact of exercise on social skills, in order to provide evidence-based recommendations for patient treatment.




2 Materials and methods

Our study was pre-registered with PROSPERO, registration number CRD42024554530.



2.1 Search strategy

As of April 1, 2024, a total of four databases were searched: PubMed, EMBASE, Cochrane Central Register of Controlled Trials, and Web of Science. The search strategy was designed around the study theme, combining professional terminology and keywords. The search strategy was constructed using PICO: Population: people with ASD; Intervention: exercise; Comparator: control group with usual care or no intervention; Outcomes: outcome measures for ASD. To retain all valuable studies, there were no restrictions on study time, language, or age. Detailed search strategies can be found in Supplementary Table 1.




2.2 Inclusion criteria and exclusion criteria

Participants in the studies had to be diagnosed with autism either through autism scales or by a physician. Those with a potential for autism without a confirmed diagnosis were excluded. Our study focused solely on children and adolescents, thus the upper age was limited to 18 years. The intervention for the experimental group involved exercise; however, complex exercise interventions incorporating cognitive tasks were excluded.

All studies meeting the inclusion criteria were included in the qualitative synthesis. Additionally, quantitative synthesis was conducted for the included randomized controlled trials (RCTs) that reported sufficient experimental details and required data. Observational studies, review studies, conference papers, and animal studies were excluded.




2.3 Study selection

Two researchers (MY and JZ) independently screened and excluded the retrieved literature using the reference manager EndNote. A third researcher (JH) reviewed and confirmed the results. The literature screening process involved excluding duplicate studies, reading titles and abstracts for further exclusion, and performing full-text reviews of the remaining articles. During the independent evaluation by the researchers, any discrepancies were resolved through discussion within the research team.




2.4 Data extraction

Two researchers (MY and JZ) extracted data from studies included in the quantitative synthesis. If the studies reported the required means and standard deviations, these were directly used for statistical analysis. If the required data were presented in graphical form, the data were extracted using digital science software (Engauge Digitizer). Some experiments included multiple or long-term follow-ups after the intervention and reported experimental data. To verify the intervention effects, only the data at the end of the experiment were extracted. The data extraction results were confirmed by a third researcher (JH), and any inconsistencies were resolved through team discussions. Additionally, we recorded the details of the included qualitative studies using standardized data tables.




2.5 Quality assessment

Two researchers (MY and JZ) conducted a methodological quality assessment of the studies included in the quantitative synthesis. The assessment tool used was the Physiotherapy Evidence Database (PEDro) scale. The PEDro scale is considered an effective tool for assessing the quality of randomized controlled trials (19). Although this scale was developed for physical therapy, it may also be suitable for other fields (20). Furthermore, existing evidence suggests that the reliability of the total score of PEDro is acceptable (21).It includes 11 criteria, such as randomization and blinding (21). However, many exercise intervention trials cannot achieve blinding, so considering this limitation, the scoring system was categorized into three quality levels: high quality (≥6 points), moderate quality (4-5 points), and low quality (≤3 points) (22). Any discrepancies in scoring between the two assessors were resolved through team discussion.




2.6 Data analysis

Various tools were used to measure data across different studies; therefore, the effect size needed to be calculated using the standardized mean difference (SMD), with a 95% confidence interval (CI) between groups. The effect size was interpreted as small (≤0.2), medium (≤0.5), and large (≥0.8) (23). We used the Cochrane Q test to assess statistical heterogeneity, along with I² and P-value tests. The degree of heterogeneity was classified as low (≤25%), moderate (≤50%), and high (≥75%) (24). A fixed-effect model was used for low heterogeneity, and a random-effects model was used otherwise.





3 Results



3.1 Study selection

A total of 5359 articles were identified through the initial search. After excluding duplicate studies, screening for relevant topics, and reading abstracts and full texts, 37 articles were found to meet the study criteria. Among these, 28 studies were included in the qualitative analysis (7, 25–51), and 9 studies (52–60) were included in the meta-analysis. The detailed selection process is illustrated in Figure 1.




Figure 1 | Search Flowchart.






3.2 Study characteristics

Table 1 presents the detailed information of the included studies. The country with the most studies was Iran, with a total of 9 studies. China conducted 8 studies, the United States had 6 studies, India had 3 studies, Brazil, Turkey, and Australia each had 2 studies, and the UK, Tunisia, Switzerland, Italy, and Portugal each had 1 study. The age range of the 1553 participants was 2.3-17.3 years, with a higher number of male children and adolescents compared to females. The methods of symptom diagnosis included physician diagnosis, ICD-10, ADOS-2, DSM-4, DSM-5, and GARS2 scale, but 4 studies did not report specific diagnostic methods.


Table  1 | Detailed information on qualitative analysis.



Five studies reported the specific intensity of exercise, with only one study focusing on acute exercise interventions, while the others focused on long-term exercise interventions. Regarding the frequency and duration of interventions, interventions were conducted at least once a week, with a maximum of 7 times per week, and the duration of each session ranged from 20 minutes to 90 minutes. Most studies reported positive effects of exercise, whereas the acute exercise intervention reported negative effects. In the assessment of social skills, the test content focuses on language, communication, and overall social skills evaluation. The judgment of experimental results mainly centers on the scores of the relevant scales, as these scores can specifically reflect whether the intervention has had a tangible impact on the patient, be it positive or negative.




3.3 Quality assessment

Table 2 presents the quality assessment of the studies included in the quantitative analysis. Overall, the quality of the studies included in the meta-analysis was above average, with an overall mean score of 6.33. All studies reported the eligibility criteria for participants and achieved random allocation in the grouping. However, due to the nature of the control group not engaging in exercise, blinding of participants and therapists was not feasible.


Table 2 | Quality assessment results.






3.4 Meta-analysis of the effect of exercise on social skills

Nine studies reported the impact of exercise on the social function of children and adolescents with autism, as shown in Figure 2. Compared to the control group, exercise effectively improved social skills, demonstrating a moderate effect size [SMD=-0.53, 95% CI (-0.76, -0.3), P=0.000]. The statistical heterogeneity results indicated low heterogeneity among the included studies (I²=0.0%, P=0.612).




Figure 2 | Meta-analysis forest plot on the effects of  exercise on social skills.






3.5 Publication bias

Although the number of studies included in the meta-analysis did not exceed ten, a funnel plot was drawn to identify potential publication bias (see Supplementary Table  2). A visual inspection of the funnel plot showed no obvious asymmetry, and the Egger test results (P=0.328) also indicated no significant publication bias, suggesting that the study results are reasonably robust.





4 Discussion

We utilized a standardized literature search and screening process and determined the effect size of the meta-analysis based on the existing data. The current evidence indicates that most long-term chronic exercise interventions have positive effects on children and adolescents with autism, particularly in the area of social skills.

Overall, the positive effects of exercise primarily encompass improvements in motor performance, cognitive function, individual and social relationships, behavioral problems, physical health, and brain function. This suggests that exercise can serve as an effective intervention method. The types of interventions mainly included aerobic exercises, aquatic exercises, mind-body exercises, and ball sports. However, the variations in exercise intervention types, intensities, and doses make it difficult to determine which specific methods and intervention frequencies yield the maximum benefits. The findings highlight the importance of exercise as a beneficial intervention for children and adolescents with autism. Yet, further research is needed to identify the optimal types, intensities, and frequencies of exercise interventions to maximize the benefits for this population.

In terms of motor performance, chronic exercise has been shown to improve gross motor abilities such as motor coordination, dynamic and static balance, as well as fine motor skills. Existing research indicates that exercises like walking and strength training are effective alternative therapies for improving motor skills in children with ASD (61, 62). Similarly, there is evidence supporting the enhancement of cognitive abilities through exercise, particularly in executive functions of ASD. A meta-analysis of randomized controlled trials demonstrated significant training effects of exercise interventions on overall executive functions in children with ASD and Attention Deficit Hyperactivity Disorder (ADHD) (63). Positive effects of exercise on cognitive abilities have also been observed in other neurodevelopmental disorder populations, such as children with intellectual disabilities (64). Regarding improvements in social relationships, we speculate that these may be linked to enhancements in communication skills. Improvements in indicators such as social responsibility and reduced social withdrawal are closely associated with improved communication with others. Exercise is known to enhance physical health by improving cardiovascular function, a well-established finding (65), which holds true for individuals with ASD as well.

Furthermore, through meta-analysis, we found significant improvements in social functioning among children and adolescents with ASD following regular exercise interventions. Previous studies have reported an association between motor skills and communication abilities. There is evidence of a correlation between motor skills and adaptive social skills or adaptive communication (18). However, the potential reasons for the correlation between motor skills and social skills in patients with autism remain unclear. Thus, the underlying mechanisms may involve multiple aspects, such as neurophysiological mechanisms, behavioral and psychological mechanisms. Exercise influences levels of neurotransmitters such as dopamine (66), which play important roles in emotional regulation and behavior. Enhancing these neurotransmitter levels through exercise may improve emotional states, reduce anxiety, and thereby facilitate social interactions. In terms of behavioral and psychological mechanisms, the sense of achievement that exercise brings to children and adolescents with ASD may increase their confidence and willingness to engage in social interactions. Through interactions and correlations among these potential influencing mechanisms, overall improvements in social capabilities are promoted. Of course, there are likely many other mechanisms influencing the relationship between exercise and social skills.

This study has both strengths and limitations. Firstly, we conducted the first meta-analysis examining the effects of exercise interventions on social skills in children and adolescents with ASD. Secondly, the quantitative analysis focused exclusively on randomized controlled trials, excluding observational studies, thereby enhancing the reliability and accuracy of the study outcomes. We targeted a precise intervention for children and adolescents in developmental stages, which is advantageous. However, this study also has limitations. Firstly, the number of studies included in the quantitative analysis was limited, potentially compromising the reliability of the effects of exercise interventions and making it difficult to draw definitive conclusions. Moreover, the limited number of studies suggests that other potential moderating factors may have influenced the results. Thirdly, due to differences in variables such as the severity of ASD and intervention dosages among the included studies, subgroup comparisons were not feasible.




5 Conclusions

Based on the analysis of existing literature, chronic exercise interventions are beneficial for children and adolescents with ASD, particularly in improving social skills.
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